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Mass limit for Dirac-type magnetic monopoles
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We calculate the contribution of virtual monopole-antimonopole pairs to the anomalous magnetic moment of the muon (g—2),.
If strong coupling QED generates confinement of monopole-antimonopole pairs, as suggested by recent lattice calculations, most
of the monopole search experiments would not have been capable of detecting monopoles. However, such confined systems
contribute to radiative corrections. We conclude that the effective monopole mass has to be larger than 120 GeV.

Ever since their postulation magnetic monopoles
have been the object of intensive experimental
searches. So far no convincing monopole signal has
been found (for a review see ref. [1]). Recent lattice
calculations [2] show evidence that strong coupling
QED provides a confining phase for coupling con-
stants « larger than {7 As the monopole coupling
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is much larger than this value, at least low mass mon-
opoles could condense to some confined monopole—
antimonopole or multi-monopole—antimonopole ob-
ject. Such a state would have vanishing total mag-
netic charge. It might, however, be produced in strong
magnetic fields and was discussed in connection with
the unexplained electron—positron coincidences ob-
served in heavy ion experiments at GSI [3]. We do
not want to refer to these speculations in detail here.
Instead we merely point out that confined magnetic
monopoles would have evaded detection in experi-
ments searching for particles with open magnetic
charge. In this letter we will show that it is possible
nevertheless to rule out light magnetic monopoles,
since they would generate contributions to radiative
corrections like the anomalous magnetic moment of
the muon (fig. 1).

A calculation of such a process requires a consis-
tent quantization of the monopole field which we as-
sume to be fermionic. A corresponding procedure is
well known in the literature [4].

Fig. 1. The considered (g—2), diagram.

Since the coupling is strong (g>> ¢), the contribu-
tion of the graph in fig. 1 is supposed to be large and
thus imposes a lower bound on the monopole mass.
This holds true only if the contributions do not van-
ish identically. On first sight this seems to be the case,
as the magnetic charge couples to the dual field ten-
sor. Thus the monopole-photon vertex has to con-
tain an e-tensor. As there are only three independent
physical vectors, namely ¢,, kz and the polarization
vector of the photon, any contraction of indices
should therefore vanish.

The consistent quantization procedure shows,
however, that there exists an additional vector which
coincides with the direction of the Dirac string n,. The
desired vertex then is proportional to €,,49%k?n’,
which leads to a nonvanishing contribution and thus
to a tight limit on the effective monopole mass. We
follow ref. [4] and discuss the quantization only
briefly.

We shall calculate the graph in fig. 1 only, although
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both g%/4r and eg/4r are not small and higher order
processes as depicted in fig. 2 are not necessarily neg-
ligible. Higher order contributions in the muon-
monopole interaction (fig. 2a) involve a further
power of the corresponding coupling constant eg/
47=0.5. This correction should be similar to the usual
g—2 contribution [5]. Therefore the effective ex-
pansion parameter is given by (eg/4n)(1/n)~0.16,
which might allow for a perturbative expansion. Fur-
thermore the graph (fig. 2a) should be suppressed by
powers of m,,/m, relative to the graph in fig. 1.

The situation is different for higher order correc-
tions in g?/4x (fig. 2b). The monopole-antimono-
pole interaction has definitely a nonperturbative
character. In fact we follow ref. [2] and assume it to
confine the monopoles. Thus the monopole-anti-
monopole state is a very complex object. Since we do
not have information about the detailed structure of
the confined system, we make the assumption that,
for the virtual process discussed here, its effect is to
replace the monopole mass by some effective quantity
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Fig. 2. (a) Higher order muon-monopole interaction. (b) Higher
order monopole-antimonopole interaction.
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with the confinement radius R. Therefore graphs of
higher order in g2/4n are supposed to be already ab-
sorbed in the treatment of virtual monopole-anti-
monopole states.

Starting with a purely magnetically charged fer-
mion field x coupled in the standard fashion to a vec-
tor gauge field C,,, we introduce the dual field strength
tensor *F,,. The action reads

S:J d*x ¥
=j dUx[Z(10, 7" —my) x—giy*xC,
~3(*F,) (*F*)]. (3)

This is related to the ordinary electric field strength
tensor

*F,uuz%fuwxﬂFaﬂa (4)

*F;w=a,ucu_aucu, (5)

with e#**# completely antisymmetric.

It is our goal now to eliminate the vector field C,.
Since later we want to couple magnetic currents j4,,
to the ordinary photon field 4, we need to know the
structure of the interaction terms. From this point of
view it is natural to relate the field tensor *F #¥ to the
ordinary tensor F*#* through the simple form (4),
rather than to establish a connection between the
vectors C,, and A4,

Introduction of a path-dependent U(1) gauge
transformation

wo=x =esplis [ ¢ ) 20 (©

Px

allows for an elimination of the vector field C, at the
expense of the path p, which extends from infinity to
the point x as we shall see [4,6].

The new fields x' are invariant under U(1)
transformations

x=exp(—igd) x, (7)
J=>gexp(+igAd) . (8)
C,=>C,+9,4, (9)

but they depend on the path. According to (6) a vari-
ation of the path corresponds to a U(!) phase shift
of the fermion field . The desired degrees of free-
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dom associated with the gauge field sector are the
components of *F,,. Consequently the covariant de-
rivative D, has to be reexpressed in terms of the new
variables 7', x', *F*” and p, only:

lim €D, x' (x, p.)

en—-0
= llm <X/ (X“+€”, p\) _X, (.X#, p\”)
ed0
dz# 0z*
+1gJ‘d a F a(*Fuu).X,()pr))- (10)

The path is parametrized in terms of 5. The corre-
sponding action does not depend on C,,

S= Jd“x F= Jd“x
. 0z* 9z"
X[x (la,ly“—gj 6_715_“(* Fu)r* —mg)x

— 3 (*XF*) (*F u)] (11)

Until now there is no explicit connection to the
photon field 4, and an electric current j4 at all. This
may be achieved in terms of an appropriate exten-
sion of the underlying lagrangian .#. One takes into

account the usual inhomogeneous Maxwell equations
8, F"=—10,e" P (*Fop)=cj& (12)

that couple the gauge field sector, now described by
its field tensor *F #*, to the electric current j £,

S= J déx
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Here we have introduced an electrically charged fer-
mion field y and consider in addition the photon field
A, 1o be another degree of freedom.

In the next step it is necessary to dedude the Feyn-
man rules of this theory. For this purpose we refer to
the freedom of arbitrary path selection and restrict
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ourselves to a fixed spacelike p, along the vector n”.
Assuming that all fields vanish sufficiently at infin-
ity, the desired monopole-photon vertex in momen-
tum space is [4]
v
_lg -};#n qPG'/;u,,p ) (14)
g-ntie

The dependence on the arbitrary vector n” relates to
a violation of the Dirac veto. To some extent this de-
pendence may be removed by setting the electric cur-
rent j4 to be zero on the string p..

Finally the squared amplitude for the process of
monopole-antimonopole pair creation, depicted in
fig. 3, reads

L L T L
This leads in lowest order to a cross section g (™ pu=
—gg) which is up to constant factors identical to its
purely electric counterpart o(p*tpu~—e*e~). For our
purpose the relevant cross section, with an off-shell
photon vy, reads

a(y=gg)

4melg?  [s—4m? 1 2
- 3n§ / : gs(1+ m) (16)

Using a dispersion relation it is possible to compute
the (g—2), contributions of virtual gg pairs from this
cross section just in the same manner as we did in ref.
[7]. The (g—2), contributions are given by

(g_z)u

1

:#stapgg(s)idx X (1—x)

X2+ (s/m2)(1-x)’

(17)

If the gg-production threshold s> 4m? is sufficiently
large, (17) is approximately proportional to the ratio

Fig. 3. The process of gg production through p*p~ annihilation
in lowest order.
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(m,/mg)?. The anomalous magnetic moment of the
muon is for that reason a more sensitive measure than
the electronic one. We assume that the main proper-
ties of the confining interaction may be described in
terms of a simple scalar potential, linearly increasing
with the mutual separation r.

As discussed in ref. [7] our computation should be
valid, if the confined gg system has a spatial exten-
sion {r> of roughly ten Compton wavelengths

1

<r>>10mg. (18)
The corresponding dense discrete intrinsic gg spec-
trum may be interpreted as a discretized continuum,
generated by imposing appropriate boundary condi-
tions like the long range confinement. Referring then
to the continuum, the contributions of virtual and
confined g§ pairs may be considered in an integra-
tion, rather than a summation over discrete states.
The only adjustable parameter in order to control the
(g—2), contributions is now the effective monopole
mass m,.

Keeping all the problems and approximations of
our calculations in mind, this approach should still
give the correct order of magnitude for the desired
(g—2), contributions. Comparing (17) with exper-
imental data [5], we find the lower limit for m, to be

my,>120 GeV . (19)
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This mass limit generates a limit on the spatial exten-
sion for which our calculations should be valid, which
takes the value {r) > 1077 fm at the lowest allowable
mass m,. The resulting mass constraint rules out that
the sharp coincident e*e~ lines observed in heavy ion
collisions at the Coulomb barrier [3] can be ex-
plained by the production of gg pairs, as the required
e*e~ sum energy does not exceed 2 MeV.

We thank J. Reinhardt for helpful discussions.
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